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,QWURGXFWLRQ
6WHSSHU0RWRUV DUH XVHG WR REWDLQ WKHPRWLRQ SURILOHV LQ WKH ILHOG RI 5RERWLFV DQG$XWRPDWLRQ (QJLQHHULQJ
6WHSSHUPRWRUVDUHSUHIHUUHGLQDSSOLFDWLRQVZKHUHKLJKSUHFLVLRQFRQWUROVLQSRVLWLRQDQGYHORFLW\LVLPSRUWDQWVXFK
DV LQ DHURVSDFH SULQWHUV VFDQQHUV FRSLHUV ID[HV ZRUG SURFHVVRUV RSWLFDO DQG PDJQHWLF GLVN GHYLFHV PHGLFDO
HTXLSPHQW ;< SORWWHUV &1& PDFKLQHV VHPLFRQGXFWRU IDEULFDWLRQ HTXLSPHQW DJULFXOWXUDO DXWRPDWLRQ
DSSOLFDWLRQVWH[WLOHHTXLSPHQW¶VDQGWHOHVFRSH
0RUHRYHUUHOLDELOLW\ ODFNRIFRQWDFWDJLQJPHFKDQLFDOUXJJHGQHVVDQGDYDLODELOLW\RIWRUTXHDW]HURVSHHGDUH
WKHDWWUDFWLYHIHDWXUHVRI6WHSSHU0RWRUV$PRQJWKHYDULRXV W\SHVRIVWHSSLQJPRWRUV WKHK\EULGVWHSSLQJPRWRU
KDVDSHUPDQHQWPDJQHW URWRUDQGD WRRWKHGPDJQHWLFVWUXFWXUHRQERWK WKHVWDWRUDQGURWRUVR WKDWDSHUPDQHQW
PDJQHWWRUTXHDVZHOODVUHOXFWDQFHWRUTXHFDQEHJHQHUDWHG>@7ZR±SKDVHVWHSSHUPRWRUVDUHFRPPRQO\XVHG
EXWILYHSKDVHVWHSSHUPRWRUVKDYHWKHVXSHULRUFKDUDFWHULVWLFVRIUHVROXWLRQYLEUDWLRQDQGSHUIRUPDQFHFRPSDUHG
ZLWK WZRSKDVHVPRWRUV:KHQERWKVWHSSLQJPRWRUVDUHRSHUDWHG LQKDOI VWHSPRGH WZRSKDVHPRWRUSURYLGHVD
UHVROXWLRQRIVWHSVSHUUHYROXWLRQZKLOHDILYHSKDVHPRWRUKDVDUHVROXWLRQRIVWHSV7KLVUHVROXWLRQLV
WLPHVKLJKHUZKHQFRPSDUHGZLWK WZRSKDVHVWHSSHUPRWRU7KHDSSOLFDWLRQVZKHUHKLJKSUHFLVLRQ ORZYLEUDWLRQ
DQGORZQRLVHLVUHTXLUHGILYHSKDVHK\EULGVWHSSHUPRWRUFDQEHHPSOR\HGFRPSDUHGWRWZRSKDVHK\EULGVWHSSHU
PRWRU)LYHSKDVHVWHSSHUPRWRUVDUH VXSHULRU LQG\QDPLFSHUIRUPDQFH >@$KLJKSUHFLVHSRVLWLRQFRQWUROXVLQJ
ILYHSKDVHK\EULGVWHSSHUPRWRULVDFKLHYHGLQRSHQORRSFRQWURODFKLHYHV7KHKLJKHUWKHQXPEHURISKDVHVVPDOOHU
ZLOOEHSRVLWLRQLQJGHYLDWLRQV0LFURVWHSSLQJLVDWHFKQRORJ\WKDWDFKLHYHVORZUHVRQDQFHORZQRLVHRSHUDWLRQDW
H[WUHPHO\ ORZ VSHHGV E\ FRQWUROOLQJ WKH IORZ RI HOHFWULF FXUUHQW IHG WR WKHPRWRU FRLO DQG WKHUHE\ GLYLGLQJ WKH
PRWRU¶VEDVLFVWHSDQJOHLQWRVPDOOHUVWHSV3XOVH:LGWK0RGXODWLRQ3:0WHFKQLTXHLVXVXDOO\XVHGWRH[FLWHWKH
GULYHUWRRSHUDWHWKHPRWRUV
6WUXFWXUHRIILYH±SKDVHVWHSSHUPRWRU
7KHILYHSKDVHK\EULGVWHSSHUPRWRU LVGHYHORSHGZLWKKLJKUHVROXWLRQZLWKQRORZVSHHGUHVRQDQFHSUREOHPV
7KHILYHSKDVHVWHSSHUFDQDOVREHFODVVLILHGXQGHUSHUPDQHQWPDJQHWK\EULGVWHSSHUPRWRU>@7KHVWDWRUZLQGLQJV
DUH HQHUJL]HG LQ WKHSURSHU VHTXHQFHU WRSURGXFH D URWDWLQJPDJQHWLF ILHOGZKLFK WXUQV WKH URWRU7KH VLJQLILFDQW
DGYDQWDJHRI WKHILYHSKDVHVWHSSHUPRWRU LV LWVH[FHOOHQW WRUTXH UHWHQWLRQFDSDELOLW\DWKLJKRSHUDWLQJVSHHG7KH
PRWRUXVHGIRU LPSOHPHQWDWLRQ LVD ILYHSKDVHK\EULGVWHSSHUPRWRUDQGLW LVVKRZQLQILJXUHDQGILJXUH7KH
ILJXUHVDERYHVKRZWZRFURVVVHFWLRQVRIDSKDVHK\EULGVWHSSLQJPRWRU+\EULGVWHSSLQJPRWRUVDUHFRPSRVHG
SULPDULO\RIWZRSDUWVWKHVWDWRUDQGWKHURWRU7KHURWRULQWXUQLVFRPSULVHGRIWKUHHFRPSRQHQWVURWRUURWRU
DQG WKHSHUPDQHQWPDJQHW7KH URWRUV DUHPDJQHWL]HG LQ WKHD[LDOGLUHFWLRQZLWK URWRUSRODUL]HGQRUWKDQG WKH
URWRUSRODUL]HGVRXWK7KHVWDWRUFRQWDLQVPDJQHWSROHVZLWKVPDOOWHHWKHDFKRIZKLFKLVZUDSSHGLQZLUHWR
IRUPDFRLO7KHFRLO LVFRQQHFWHGWR WKHIDFLQJPDJQHWSROHDQGLVZRXQGVRLWEHFRPHVPDJQHWL]HGWRWKHVPDOO
SROHZKHQFXUUHQWLVUXQWKURXJKLW5XQQLQJDFXUUHQWWKURXJKDJLYHQFRLOPDJQHWL]HVWKHIDFLQJSROHVWRWKHVDPH
PDJQHWLVPHLWKHU1RUWK3ROHRU6RXWK3ROH7KHWZRIDFLQJSROHVIRUPDVLQJOHSKDVH6LQFHWKHUHDUHILYHSKDVHV
$WURXJK(WKHPRWRULVFDOOHGDSKDVHVWHSSLQJPRWRU7KHUHDUHWHHWKRQWKHRXWVLGHRIWKHURWRUZLWKWKH
WHHWKRIURWRUDQGURWRUPHFKDQLFDOO\RIIVHWIURPHDFKRWKHUE\KDOIDWRRWKSLWFK
)LJXUH  DQG ILJXUH  KHOS WR GHVFULEH WKH UHODWLRQVKLS RQ WKH SRVLWLRQV RI WKH VWDWRU DQG URWRU WHHWK ZKHQ
PDJQHWL]HG:KHQSKDVH$LVH[FLWHGLWVSROHVDUHSRODUL]HGVRXWK7KLVDWWUDFWVWKHWHHWKRIURWRUFXSZKLFKDUH
SRODUL]HGQRUWKZKLOH UHSHOOLQJ WKH WHHWK RI URWRU FXSZKLFK DUH SRODUL]HG VRXWK7KHUHIRUH WKH IRUFHV RQ WKH
HQWLUH XQLW LQ HTXLOLEULXP KROG WKH URWRU VWDWLRQDU\  $W WKLV WLPH WKH WHHWK RI WKH SKDVH% SROHVZKLFK DUH QRW
H[FLWHG DUHPLVDOLJQHGZLWK WKH VRXWKSRODUL]HG WHHWKRI URWRU VR WKDW WKH\DUHRIIVHWDW:KHQH[FLWDWLRQ
VZLWFKHVIURPSKDVH$WR%VKRZQLQILJXUHWKHSKDVH%SROHVDUHSRODUL]HGQRUWKDWWUDFWLQJWKHVRXWKSRODULW\RI
URWRUDQGUHSHOOLQJWKHQRUWKSRODULW\RIURWRUFXS,QRWKHUZRUGVZKHQH[FLWDWLRQVZLWFKHVIURPSKDVH$WR%
WKHURWRUURWDWHVE\$VH[FLWDWLRQVKLIWVIURPSKDVH$WRSKDVHV%&'DQG(WKHQEDFNDURXQGWRSKDVH$
WKHVWHSSLQJPRWRUURWDWHVSUHFLVHO\LQVWHSV7RURWDWHLQUHYHUVHWKHH[FLWDWLRQVHTXHQFHLVUHYHUVHGDVSKDVH
$('&%WKHQEDFNWRSKDVH$+LJKUHVROXWLRQRILVLQKHUHQWLQWKHPHFKDQLFDORIIVHWEHWZHHQWKHVWDWRU
DQGURWRUDFFRXQWLQJIRUWKHDFKLHYHPHQWRISUHFLVHSRVLWLRQLQJZLWKRXWWKHXVHRIDQHQFRGHURURWKHUVHQVRUV>@
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
)LJ3KDVH6WHSSLQJ0RWRU &URVV6HFWLRQ3DUDOOHOWR6KDIW)LJ3KDVH6WHSSLQJ0RWRU&URVV6HFWLRQ3HUSHQGLFXODUWR6KDIW

)LJ:KHQ3KDVH$,V([FLWHG   )LJ:KHQ3KDVH%,V([FLWHG
&RQVWDQWFXUUHQWGULYLQJWHFKQRORJ\
7KHGULYLQJWHFKQRORJ\ZLWKFRQVWDQWFXUUHQWLVVKRZQLQILJXUH7KHFRQVWDQWFXUUHQWGULYHRQWKHRWKHUKDQG
LV QRZ WKHPRVW FRPPRQO\ XVHG GULYHPHWKRG VLQFH LW RIIHUV H[FHOOHQW WRUTXH SHUIRUPDQFH DW KLJK VSHHGV 7KH
VWHSSLQJPRWRUURWDWHVWKURXJKWKHVHTXHQWLDOVZLWFKLQJRIFXUUHQWIORZLQJWKURXJKWKHZLQGLQJV:KHQWKHVSHHG
LQFUHDVHVWKHVZLWFKLQJUDWHDOVREHFRPHVIDVWHUDQGWKHFXUUHQWULVHIDOOVUHVXOWLQJLQORVWLQWRUTXH7KHFKRSSLQJ
RID'&YROWDJHWKDWLVIDUKLJKHUWKDQWKHPRWRU¶VUDWHGYROWDJHZLOOHQVXUHWKDWWKHUDWHGFXUUHQWUHDFKHVWKHPRWRU
HYHQDWKLJKHUVSHHGV7KHFXUUHQWIORZLQJWRWKHPRWRUZLQGLQJVGHWHFWHGDVDYROWDJHWKURXJKDFXUUHQWGHWHFWLQJ
UHVLVWRULVFRPSDUHGWRWKHUHIHUHQFHYROWDJH&XUUHQWFRQWUROLVDFFRPSOLVKHGE\KROGLQJWKHVZLWFKLQJWUDQVLVWRU
21ZKHQWKHYROWDJHDFURVVWKHGHWHFWLQJUHVLVWRULVORZHUWKDQWKHUHIHUHQFHYROWDJH7KDWLVZKHQLWKDVQ¶WUHDFKHG
WKH UDWHGFXUUHQWRU WXQLQJ WUDQVLVWRU2)):KHQ WKHYDOXH LVKLJKHU WKDQ WKH UHIHUHQFHYROWDJH WKDW LVZKHQ LW
H[FHHGVWKHUDWHGFXUUHQWWKHUHE\SURYLGLQJDFRQVWDQWIORZRIUDWHGFXUUHQW>@9ROWDJH±&XUUHQWUHODWLRQVKLSLQ
FRQVWDQWFXUUHQWFKRSSHUGULYHLVVKRZQLQ)LJ
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 )LJ&RQVWDQWFXUUHQWFRQWURO  )LJ9ROWDJH±&XUUHQWUHODWLRQVKLSLQFRQVWDQWFXUUHQWFKRSSHUGULYH

)LJ3HQWDJRQSKDVHH[FLWDWLRQVHTXHQFH
'ULYLQJDQGFRQWUROOLQJILYHSKDVHVWHSSLQJPRWRU
7KHSKDVHVWHSSHUPRWRUFRQWUROXVHDVLPSOHRISKDVHH[FLWDWLRQSHQWDJRQFRQILJXUDWLRQZKLFKHPSOR\VD
VLPSOHUDQGZHOOEDODQFHGFXUUHQWFRQWUROVFKHPH3HQWDJRQSKDVHH[FLWDWLRQVHTXHQFHIXOOVWHS±VWHSLV
VKRZQ LQ ILJXUH7KLV LV V\VWHP WR WKH VWHSSHUPRWRU LQZKLFK IRXUSKDVHVDUHH[FLWHG7KHVWHSDQJOH LV
,WRIIHUVDJUHDWGDPSLQJHIIHFWDQGWKHUHIRUHVWDEOHRSHUDWLRQ3HQWDJRQSKDVHH[FLWDWLRQVHTXHQFHKDOI
VWHS±VWHSLVVKRZQLQILJXUH$VWHSVHTXHQFHRIDOWHUQDWLQJWKHSKDVHDQGSKDVHH[FLWDWLRQSURGXFHV
URWDWLRQDWSHUVWHS2QHURWDWLRQPD\EHGLYLGHGLQWRVWHSV
7KHSKDVHVWHSSHUPRWRUFRQWUROXVHDVLPSOHRISKDVHH[FLWDWLRQSHQWDJRQFRQILJXUDWLRQZKLFKHPSOR\V
DVLPSOHUDQGZHOOEDODQFHGFXUUHQWFRQWUROVFKHPH3HQWDJRQSKDVHH[FLWDWLRQVHTXHQFHIXOOVWHS±VWHSLV
VKRZQ LQ ILJXUH7KLV LV V\VWHP WR WKH VWHSSHUPRWRU LQZKLFK IRXUSKDVHVDUHH[FLWHG7KHVWHSDQJOH LV
,WRIIHUVDJUHDWGDPSLQJHIIHFWDQGWKHUHIRUHVWDEOHRSHUDWLRQ3HQWDJRQSKDVHH[FLWDWLRQVHTXHQFHKDOI
VWHS±VWHSLVVKRZQLQILJXUH$VWHSVHTXHQFHRIDOWHUQDWLQJWKHSKDVHDQGSKDVHH[FLWDWLRQSURGXFHV
URWDWLRQDWSHUVWHS2QHURWDWLRQPD\EHGLYLGHGLQWURVWHSV,QDJHQHUDOSHQWDJRQGULYLQJV\VWHPWKH
FXUUHQWIORZVDVVKRZQLQILJXUH7KHUHODWLRQEHWZHHQ,DQG,0LVDVIROORZV, [,0:LWKVRPHGULYLQJ
V\VWHPWKHUHODWLRQFDQDOVREHDVIROORZV, [,0
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)LJ3HQWDJRQSKDVHH[FLWDWLRQVHTXHQFH    )LJ&RLOFXUUHQWIORZDWSHQWDJRQGULYLQJ
0LFURVWHSSLQJGULYHV\VWHP
2QHRIWKHDGYDQWDJHVRIPLFURVWHSSLQJRSHUDWLRQRIWKHVWHSSLQJPRWRULVPXFKKLJKHUUHVROXWLRQRIWKHPRWRU
VKDIWSRVLWLRQLQJ7KLV LVDFKLHYHGZLWKRXWFRPSOH[DQGH[SHQVLYH URWRUSRVLWLRQ IHHGEDFNVRUJHDUER[$QRWKHU
DGYDQWDJHLVLPSURYHGVLQJOHVWHSUHVSRQVHRIWKHPRWRUE\VXEVWLWXWLQJRQHELJVWHSIRUPXOWLSOHPLFURVWHSV>@
0LFURVWHSSLQJRSHUDWLRQRIWKHVWHSSLQJPRWRUVLVDFKLHYHGE\VXLWDEOHFKDQJHVRIWKHYDOXHVRIWKHSKDVHFXUUHQWV
>@7KHUHDUHWZREDVLFZD\VIRUPLFURVWHSSLQJFRQWURO7KHILUVWZD\LVWRYDU\WKHFXUUHQWVLQVLQXVRLGDOODZ,Q
WKLVFDVH WKHPD[LPXPVWDWLF WRUTXH LVFRQVWDQWDQG WKHRUHWLFDOO\DQ\VWHSDQJOHFDQEHDFKLHYHG7KLVPHWKRG LV
XVHGIRUVWHSSLQJPRWRUVZLWKSHUPDQHQWPDJQHWURWRUV7KHVHFRQGZD\LV WRXVHWKHVWDQGDUGFRQWUROZLWKUDWHG
SKDVHFXUUHQWVDQGRQO\GXULQJWKHFRPPXWDWLRQWKHQHZYDOXHVLQVPDOOVWHSVVRDVWKHQDWXUDOVWHSLVGLYLGHGLQWR
VHYHUDOPLFURVWHSVVRFDOOHGYHUQLHUFRQWURO>@>@7KHDLPRIWKHSDSHULVWRGHYHORSDILUVWPHWKRG7KLVSDSHU
SUHVHQWV D SKDVH VWHSSLQJPRWRU GULYHU ZLWK GHGLFDWHG ,& ZLWK EXLOWLQ PLFURVWHS FRQWUROOHU KDYLQJ D ELSRODU
FRQVWDQWFXUUHQW3:0V\VWHPLQZKLFKDSRZHU026)(7LVHPSOR\HGDQRXWSXWVWDJH
7KH W\SLFDO ,&XVHV3FKDQQHO026)(7V WR WKHKLJKVLGHDQG1FKDQQHO WR WKH ORZVLGHRI WKHSRZHUEULGJH
FLUFXLWXVHGWRGULYHDPRWRU7KLVFRQILJXUDWLRQDOORZVWKHSUHGULYHFLUFXLWWRHPSOR\DQHTXLYDOHQWFLUFXLWVWUXFWXUH
UHSUHVHQWHGE\ILJXUH$W\SLFDOGULYH,&FRPSRVHGRIDPRQROLWKLF,&FLUFXLWIRUFXUUHQWFRQWURODQGDK\EULG
,&FLUFXLWFRQVLVWVRIGLVFUHWHVLJQDOWUDQVLVWRUVDQGUHVLVWRUV7KHPRQROLWKLF,&ZKLFKFRQWUROVSKDVHFXUUHQWXVHVD
ELSRODU SURFHVV ,WZDV QRW UHDVRQDEOH WR LQFOXGH D VHSDUDWHPLGGOH VFDOH ORJLF FLUFXLW WR EH XVHG IRU VHTXHQFLQJ
IXQFWLRQVGXHWRLWVQHJDWLYHFKDUDFWHULVWLFVKLJKHUFRVWDQGPRUHLPSRUWDQWO\LWVODUJHUVL]HUHDOHVWDWH%HFDXVHRI
WKLV VLWXDWLRQ DQ H[FOXVLYH&026 JDWH DUUD\ZDV XVHG IRU WKH VHTXHQFLQJ FRQWURO FLUFXLWU\ 7KH VWHSSHUPRWRU
GULYHUFLUFXLWU\FRQVLVWVRIIRXUSDUWVDVIROORZV>@>@
0LFURVWHSVHTXHQFHUH[(,&
3UHGULYHUDQGFXUUHQWFRQWUROH[(,&
3FKDQQHO026DUUD\H[6/$
1FKDQQHO026DUUD\H[6/$
7KLVGULYHFRQILJXUDWLRQLVWKHPRVWFXUUHQWSKDVHVWHSSHUPRWRUGULYHFXUUHQWO\LQXVHWRGD\
7KHGHVLJQSURFHGXUHRI WKLV GULYHU LV GHVFULEHGGHWDLOHG DV IROORZV)RU FRPSDFW GHVLJQ FRQVLGHUDWLRQ D ILYH
SKDVHVWHSSLQJPRWRUGULYHUFKLSV(,&(,&6/$DQG6/$LVDGRSWHG(,&LVDVSHFLDO
GHVLJQHG,&WKDWLPEHGGHGDIXQFWLRQVHTXHQFHPLFURVWHSFLUFXLWWRFRQWUROWKHSUH±GULYHU(,&:KHQ
WKLVFKLSUHFHLYHVDQ LQSXWFORFN WKHVHTXHQFHFLUFXLWJHQHUDWHVSURSHUSKDVHVHTXHQFHWRGULYH WKHRXWSXWVWDJHV
7KH FKLS(,& SUHGULYHU DQG FXUUHQW FRQWURORSHUDWHGZLWK FXUUHQW IHHGEDFN WR DFKLHYH D FRQVWDQW FXUUHQW
GULYHU$FRQVWDQWFXUUHQWGULYHUFDQGULYHDPRWRUDFFRUGLQJWRWKHZLQGLQJFXUUHQWRIWKHPRWRU
(,&  LV DOVR HTXLSSHG ZLWK D GHGLFDWHG FLUFXLW WR GULYH JDWHV RI  3FKDQQHO 026)(7V DQG 1 FKDQQHO
026)(7VVRDVWRVLPSOLI\WKHGHVLJQRIGULYLQJVWDJHV7KHFRQILJXUDWLRQRIWKHSURSRVHGGULYHULVLOOXVWUDWHGLQ
ILJXUH(,&FDQRSHUDWHLQGLIIHUHQWPRGHV$ELW'''VLJQDOLQSXWDOORZVDVWHSFKDQJHLQPRWRU
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UHVROXWLRQ7DEOHVKRZQ WKHPRWRU UHVROXWLRQVHOHFWLRQ$ELW VLJQDO LQSXW , , , , VHW WKHPRWRUFXUUHQW
PLQ$PD[$
7KHUHVROXWLRQFDQEHVHOHFWHGVLPSO\ZLWKD',3VZLWFK',3VZLWFK'''VHOHFWWKHPLFURVWHSDQJOHVLQ
WKHUDQJHRIDQG,QDQRUPDOFRQGLWLRQWKHGULYHUVZHUHFRQWUROOHGE\WZRVLJQDOVWHUPHGDV
FORFN&/2&.DQGGLUHFWLRQ',5SXOVHV ,Q WKLVGHVLJQ3&/,6$6WHSSLQJ0RWRU&RQWURO&DUG3&±/DE
&DUGZDVXVHGWRSURYLGHDVHOIWHVWIXQFWLRQ7KH3&/KDVEHHQVSHFLILFDOO\GHVLJQHGDVXVHUIULHQGO\VROXWLRQ
IRU\RXUVWHSSLQJPRWRUFRQWURODSSOLFDWLRQ,W¶VRQERDUG&&38DORQJZLWKD0+]FORFNFU\VWDODQGWZR
SURJUDPPDEOHWLPHUVFRQWUROVXSWRWKUHHGULYHUD[LVRQHPRWRUFKDQQHOLQGHSHQGHQWO\DQGVLPXOWDQHRXVO\
'LJLWDO SXOVH DQG GLUHFWLRQDO RXWSXW VLJQDOV FRQWURO HDFK PRWRU E\ VWHS UDWH DQG FORFNZLVHFRXQWHUFORFNZLVH
&:&&:GLUHFWLRQ
7DEOH0RWRUUHVROXWLRQVHOHFWLRQ
' ' ' 6WHS$QJOH
GLYLVLRQVWHS
+ + + 
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+ + / 
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+ / + 
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+ / / 
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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/ + / 
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/ / + 
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Motor
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SLA5011
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Micro-Step
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Pre-Driver
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Current
Control
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V+
Rs
Current feedback
CPU

)LJ7KHEORFNGLDJUDPRISHQWDJRQILYHSKDVHVWHSSLQJPRWRUPLFURVWHSFRQWURO
96   Zsolt Albert Barabas and Alexandru Morar /  Procedia Technology  12 ( 2014 )  90 – 97 
Your
Controller
CLOCK
D1 D0 I0I1I2I3D2
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(Dip Switch)
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Current
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5
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6
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7
7
8
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
)LJ7KHFRQILJXUDWLRQRIWKHSURSRVHGGULYHU
5HVXOWV
7KHPLFURVWHSSLQJRIILYHSKDVHVWHSSLQJPRWRUGULYHULVREWDLQHG1DWXUDOVWHSDQJOHVDUHGLYLGHGLQWKHUDQJH
RIDQG7KHGLPHQVLRQRIWKHGULYHULVDSSUR[LPDWH[[PLOOLPHWHUVZKLFKLVVPDOOHU
WKDQDEXVLQHVVFDUGLQOHQJWKDQGZLGWK$SRVLWLRQLQJFDUG3&/SOXJJHGLQVLGHDQ,%03&LVXWLOL]HGWRWHVW
WKHDFFXUDF\DQGWKHVSHHGRIWKHGULYHU)RUHDV\LPSOHPHQWDWLRQWKLVSRVLWLRQLQJFDUGZDVLPSOHPHQWHGZLWK,6$
EXV LQWHUIDFH 7KLV FDUG RXWSXW FORFN DQG GLUHFWLRQ VLJQDOV DV LQSXWV WR WKH WHVWHG GULYHU $ VRIWZDUH SDFNDJH
LQFOXGLQJ VHYHUDO IXQFWLRQVZDVGHVLJQHGZLWK& ODQJXDJH VR DV WREH IHDVLEOH WR WHVW WKLV GULYHU7KHPRVW XVHG
IXQFWLRQRIWKLVSDFNDJHZDVOLQHDUDFFHOHUDWLRQDQGGHFHOHUDWLRQVRWKDWWKHPRWRUPD\VWDUWDQGVWRSPRUHVPRRWKO\
DQGDOORZWKHPRWRUWRUHDFKDKLJKHUVSHHGWKDWLQWKHFDVHRIZLWKRXWDFFHOHUDWLRQDQGGHFHOHUDWLRQ$ILYH±SKDVH
VWHSSLQJPRWRU0RGHO3.1%$ZLWKDUDWHGFXUUHQWRI$ȍIURP9(;7$25,(17$/02725>@
>@-DSDQZDVXVHGWRFRQQHFWZLWKWKLVSURSRVHGGULYHU
&RQFOXVLRQ
7KLVSDSHUSUHVHQWVDGHVLJQRIDFRPSDFWDQGLQWHOOLJHQFHILYHSKDVHPLFURVWHSSLQJPRWRUGULYHU:LWKVSHFLDO
GHVLJQHG,&WKHGULYHULVVPDOOHUWKDQDEXVLQHVVFDUGDOWKRXJKLWLVDFRPSDFWGULYHU7KHPLFURVWHSSLQJVFKHPH
XVLQJ ILYHSKDVH VWHSSHUPRWRU LQ ERWK FORFNZLVH DQG FRXQWHU FORFNZLVH GLUHFWLRQ LV LPSOHPHQWHG XQGHU YDULRXV
VSHHGV$FWXDOO\WKHFRQFHSWRIPLFURVWHSSLQJLVREWDLQHGWKURXJKFXUUHQWFRQWUROWHFKQLTXH7KLVPHWKRGLVYHU\
FRVWHIIHFWLYHFRPSDUHGWRWKHV\VWHPDYDLODEOHLQWKHPDUNHW6HOI±WHVWIXQFWLRQDOVRLPEHGGHGLQVLGHWKH3&/
&&38>@RIWKHGULYHUVRWKDWHQJLQHHUVFDQFKHFNZKHWKHUWKHGULYHULVQRUPDORUQRWZLWKRXWDH[WHUQDO
HTXLSPHQW&RQVLGHULQJWKHSRVLWLRQLQJDELOLW\DQGSUHFLVHVSHHGFRQWUROWKLVSURSRVHGGULYHUFDQSURYLGHYDOXDEOH
5RERWLFVDQG$XWRPDWLRQ(QJLQHHULQJDSSOLFDWLRQVLQYROYLQJHLWKHUSRVLWLRQFRQWURORUVSHHGFRQWURO7KLVW\SHRI
GULYHUFDQDOVREHLPSOHPHQWHGLQURWDWLQJWKHFDPHUDRIWKHURERWZKHUHSUHFLVHSRVLWLRQLQJRIWKHFDPHUDLQERWK
GLUHFWLRQVLVUHTXLUHGWRFDSWXUHLPDJHRUYLGHRZLWKPLQXWHGHWDLOV
7KLV W\SHRIGULYHU FDQDOVR LPSOHPHQW LQ WKHGHVLJQRI WH[WLOHPDWHULDOZKHUHERWKGLUHFWLRQRI VSLQGOHZLWK
SUHFLVHSRVLWLRQLQJDUHUHTXLUHG
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